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ABSTRACT 

We investigate the connection between the presence of bars and AGN activity, using a volume- 
hmited sample of '^9,000 late-type galaxies with axis ratio b/a > 0.6 and Mr < —19.5 -I- blogh at 
low redshift (0.02 < z < 0.055), selected from Sloan Digital Sky Survey Data Release 7. We find 
that the bar fraction in AGN-host galaxies (42.6%) is ~2.5 times higher than in non-AGN galaxies 
(15.6%), and that the AGN fraction is a factor of two higher in strong-barred galaxies (34.5%) than 
in non-barred galaxies (15.0%). However, these trends are simply caused by the fact that AGN-host 
galaxies are on average more massive and redder than non-AGN galaxies because the fraction of 
strong-barred galaxies (/sb) increases with u — r color and stellar velocity dispersion. When u — r 
color and velocity dispersion (or stellar mass) are fixed, both the excess of /sb in AGN-host galaxies 
and the enhanced AGN fraction in strong-barred galaxies disappears. Among AGN-host galaxies we 
find no strong difference of the Eddington ratio distributions between barred and non-barred systems. 
These results indicate that AGN activity is not dominated by the presence of bars, and that AGN 
power is not enhanced by bars. In conclusion we do not find a clear evidence that bars trigger AGN 
activity. 

Subject headings: galaxies: active - galaxies: nuclei - galaxies: Seyfert - galaxies : spiral - galaxies : 
statistic 



1. INTRODUCTION 

Galactic bars are believed to play a crucial role 
in galaxy evolution. By reducing angular momen- 
tum, galactic bars can efficiently transport gas from 
outer disk to th e centr al kiloparsec scale (IL vndcn-Bell 
1979; Sellwood 1981; van Albada & Roberts 1981 
Combes fc Gerin 1985; Pfc nniger fc Friedli 1991 
Heller fc S hlosman 1994; Bou rnaud fc Combes! 12002 



Athanassoula ,2003; iJogee, ,20061) , as demonstra ted by 



a num b er of numerica l simul ati ons (e.g. , Robert s et al.l 
1979"; 'Athanasso ulal Il992t 'Friedli fc Bcnz '1993! 
> ■ Eacicjcwski ct al. ~ l200a [Regan fc Teubcn 20040 



2001 



20081: 



The bar-driven gas can cause a mass accumulation 
within the Inner Lindblad Resonance (ILR), leading to 
the dest ruction of bars and the formation of psuedo- 
bulges fHasan fc Norman' '199 01: iPfenni ger fc N orrnan 
1990; Hasan ct al. 1993; Norm an et al.l 119 96: Da s et ah 



2003; Shcn fc Sellwood 200^ lAthanassoula et al.l l200'5r 



Bournaud et al. 2005). Numerous observational studies 



have found the characteristics of the bar-d riven gas: i.e., 
inflow velocities fro m CO emission (e.g., lOuillen et al.l 
19951 [B enedict et al1 ll996[ ) and from Ha emission (e.g. 



Regan et al.l ll997|), higher Ha luminosities in barred 
galax ies than in non-barred galaxies (e.g.. Ho et al. 
Il997f ). and higher molecular gas concentrations in 
the central kiloparsec region of barred galaxies (e.g.. 



iSakamoto 61111119991 : ISheth et al.l l 200 5'). 

Because of the high efficiency of gas inflow toward the 
central region of galaxies, bars are often invoked as a 
trigger of nuclear star formation. Enhanced nuclear star 
formation has been fo und in the c entra l regions of barred 
spiral galaxies (e.g.. IHeckma ri '198 0|: [ Hawarden et al.l 
1986; Devcrcux 1987; Arsenault 1989r iHuang et al.lll996l: 
Ho et a l. 1997; Martinet fc Fricdh 1997"; 'Emsellcm et aLl 
Knapen et al 2002; Jogce et al. 2005; Hunt ct aO 
bang fc AnnI 120091 ). Some statistical stud- 
ies presented high bar fractions among star-forming 
galaxies: e.g., 6 1% in IHo et al.l (|I997), 8 2%-85% in 
'Hunt fc MalkanI (|1999f) . and 95% in iLaurikainen et al.l 
(2004). 

Bar-driven gas inflow has been also considered as a 
mechanis m for triggerin g active galactic nucleus (AGN) 
activity (jCombesI l2003f ). For the past three decades, 
much effort has been devoted to understand the con- 
nection between the presence of bars and AGN ac- 
tivity. However, it is not yet clear whether bars 
transport gas down to the vicinity of supermassive 
black holes (SMBHs). Several observational stud- 
ies claimed that the fraction of barred galaxies is 
high er in AGN-host galaxies than in non - AGN galax- 
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les llArsenaultl 119891 : iKnapen et al.l 120001: iLaine et al.l 
12002 ). while many others found no signi ficant excess 
of barred galaxies in AGN- h ost galaxies (IMoles et alj 
1995t iMcLeod fc Riekd [l995l: IMulchaev fc Reganl"IT997 : 
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Ho et all 119971: ILaurikainen et all 12004 iHao etal.1 12009 : 
Bang fc A n_ij|2009f) 

IShlosma n et al.l (J1989D suggested the "bars within 
bars" scenario as a mechanism for fueling AGNs. In this 
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model, large-scale stellar bars transport gas into their 
rotating disks of a few hundred parsec scale. When a 
critical amount of gas is accumulated, the disks undergo 
gravitational instability, triggering a gaseous secondary 
bar, which enables gas to approach closer to SMBHs 
dMulchaev fc Rega^ Il997t iMacieiewski fc Sparkd [19971 : 
iHo et alj |1997() . Some studies suggested that nu- 
clear spirals, instead of secondary bars, are re- 
sponsible for trigger i ng AGNs ( Martini fc Poggel 119991 : 
iMaraucz et alJ 120001 : iMartini et all l200^ . In a recent 
high-r esolution smoothed particle hydrodynamics simu- 
lation, iHopkins fc QuataertI ()2010f ) showed that disk in- 
stabilities (for 10 — 100 pc scales) driven by primary bars 
exhibit various morphologies as well as bar-like shapes. 
Several observational studies confirmed the presence of 
secondary bars by detecting nuclear bars embedded in 
large-scale bars, using the ISAAC/VLT spectroscopic 
data (Emsellem et al. 2001), the Hubble Space Telescope 
(HST) image s (Malkan et al. 1998; La ine et al.l 120021: 
iCarollo et Sl[2002i .Erwin fc Sparke.,2002D . and the inte- 



gral field spectrograph SAURON data (jEmsellem et al.l 
120061) . It is found, however, that the fraction of sec- 
ondary bars in AGN s is similar to that in non-AGNs 
([Martini et al.l 120031 ) , implying that secondary bars do 
not play a critical role in fueling AGNs. Although 
there have been many attempts, the nature of the AGN- 
bar connection is still unclear. The presence of sec- 
ondary bars or nuclear spirals in non-AGN galaxies sug- 
gests that bars are n o t a universal fuel i ng m echanism 
(iMarauez et al.l 120001 : iLaine et al.l l2002t [Martini et all 
I2003D . 

In this paper, we investigate the connection be- 
tween the presence of bars and AGN activity us- 
ing a large sample of galaxies from the Sloan Digi- 
tal Sky Survey (SDSS; York et al. 2000). SDSS data 
have been used by several previous studies in reveal- 
ing the dependence of the bar fraction either on in- 
ternal galaxy properties or on environmental properties 
jBarazza et al."2ci08'; 'Agucrri et al."2009'; 'Li et all 120091: 
Nair & Abraham 2010b; Masters et al. 2011: iLee et all 
20121 ). However, the AGN-bar connection has not been 



studied in detail using the SDSS data. Hao et al.l (|2009l ) 
found no excess of bars in AGN-host galaxies using 
SDSS data. However, the galaxy sample in their study 
was relatively smal l and biased to blue galaxies (see 
[Masters et ah '20111: JLee et al.l l20T2i ). Therefore, it is 
needed to investigate the connection between bars and 
AGN activity using a homogeneous and large galaxy sam- 
ple. Following our detailed study on the relatio n between 
the p resence of bars and galaxy properties (jLee et al.l 
120121 hereafter Paper I), we investigate the AGN-bar 
connection using a homogeneous sample of late-type 
galaxies, selected from the SDSS. 

This paper is organized as follows. We describe the 
volume-limited sample and the method for identifying 
bars and spectral types in Section 2. Section 3 presents 
the main results including the dependence of the bar 
fraction on spectral types, the dependence of the AGN 
fraction on the presence of bars, and the comparison of 
Eddington ratio distributions between barred and non- 
barred AGN-host galaxies. We discuss the implication of 
primary results in Section 4, and present summary and 
conclusions in Section 5. 



2. DATA AND METHODS 

2.1. SDSS Galaxy Sample 

We use a volume- limited sample of 33,391 galaxies with 
the r-band absolute magnitude Mr < —19.5-1- blogh 
mag (hereafter, we drop the -\-5\ogh term in the abso- 
lute magnitude) at redshift 0.0 2 < z < 0.05 489, from 
the SDSS Data Release 7 fDR7: lAbazaiian et al. 2009) . 
These galaxies are extracted from the Korea Institute 
for Adv anced Study Valu e-Added Galaxy Catalog (KIAS 
VAGC: lChoi et al.l2010D that is based on the Large Scale 
Structure (LSS) sample of New York University Value- 
Added Galaxy Catalog (NYU VAGC; Blanton et 5] 
120051 ). The rest- frame absolute magnitudes of individ- 
ual galaxies are computed in fixed bandpass, shifted 
to z = 0.1, u s ing th e Galactic reddening correction of 
and iC-corrections as described by 
The mean evolution correction 
1.6(z 



iS chlegel et al. 
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given bv iTegmark et al.l (|2004l l. E{z) 



0.1), is 
also applied. The spectroscopic parameters (i.e., stel- 
lar velocity dispersions and strength of various emission 
lines) are obt ained from NYU VAGC and MPA/JHU 
DR7 VAGC (jTremonti et al.l 12004 iBrinchmann et al.l 
[2004"). Stellar masses are also from the MPA/JHU DR7 
VAGC, whic h are based on fits to th e SDSS five-band 
photometry (jKauffmann et alll2003bf ). We adopt a flat 
ACDM cosmology with flA = 0.74 and Q^ = 0.26 from 
Wilkinson Microwave Anisotropy Probe five-year data 
(jKomatsuet al.ll2009() . 

The detailed description of the morphological clas- 
sification and the identification of bars of the sam- 
ple, and the compari s on w it h previous classi fi cations 
(jde Vaucouleurs et al.l 119911: iNair fc AbrahamI l2010al) 
can be found in Paper I (see Section 3). We sum- 
marize the sample selection and classification schemes 
as follows. First, after dividing all galaxies into early- 
and late- type galaxies using the automated classification 
method (jPark fc Choil 120051 ) and visual inspection, we 
selected 19,431 late-type galaxies out of 33,391 galaxies 
(see Table 1 of Paper I). To avoid the internal extinc- 
tion effects, we selected only galaxies with the minor- 
to-major axis ratio b/a > 0.6, obtaining a sample of 
10,674 late-type galaxies. Then, we classified these late- 
type galaxies into three groups based on the presence 
(and the length) of bars: 2542 strong-barred (23.8%), 
(398 weak-barred (6.5%), and 7434 non-barred galaxies. 
When the size of bars is larger (shorter) than a quarter of 
the size of their host galaxies, we classified these galaxies 
as strong-barred (weak-barred) galaxies. As described in 
Paper I, our class i fication shows a good agreement with 
INair fc AbraharnI (|2010a| )'s classification. 

In this study we classify the sample galaxies into AGNs 
and non-AGNs using the spectral features. To deter- 
mine the spectral types and to investigate the depen- 
dence of the bar fraction on spectral types, we select 
galaxies whose spectra show strong emission-lines of Ha, 
H/3, [OIII] A50( ]7, and [Nil] A6584 with signal-to-noise 
ratio S/N > 3 (jKewlev et al.ll2006D . By excluding 2019 
galaxies that do not satisfy the S/N criterion, we make 
a final the sample of 8655 late-type galaxies for the fol- 
lowing analysis. 

We perform the aperture correction to the velocity dis- 
persion of the target galaxies using the equation sug- 
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Fig. 1. — (a) Classification of spectral types for 8,655 late-type galaxies in the [Nil] /Ha versus [OIII]/H/3 diagram. There are three 
types of galaxies (red: AGN-host galaxies, green: composite galaxies, and blue: star-forming galaxies) classified by two separate lines, the 
extreme starburst classification line (Kewlcy ct al. 2001, solid line) and the pure star formation line (Kauffmann et al. 2003a, dashed line). 
In panels (b) and (c), dots represent strong-barred (SB) and weak- barred (WB) galaxies, respectively. Contours show the distribution for 
all late- type galaxies shown in panel (a). 



TABLE 1 
Spectral Types of the Sample Galaxies 





S/N'' 


> 3 


S/N 


> 6 


Spectral type 


N umber 


I'raction 


Number 


I'r action 


Star-forming 
Composite 
AGN-host 


4,940 
1,973 
1,742 


57.1 % 
22.8 % 
20.1 % 


3,600 

1,411 

957 


60.3 % 
23.7 % 
16.0 % 


'i'otal 


8,655 


100 % 


5,968 


100 % 



^^ S/N for four emission lines such as Ho, H/3, [Nil] A6584, and 
[OIII] A5007 

gested bv lCappellari et al.l (|2OO60 . 

a,o„ = afib X (i?fib/i?eff)(°"*'^±°°^^\ (1) 

where anh is the velocity dispersion obtained from a fiber 
with i?fib = f".5. Rcs is an effective radius ca lculated 
by Rcff = rdcv x (6/a)°gv (jBernardi et al.l 120031 ) . where 
rdcv and (&/a)doV are, respectively, scale radius and b/a 
axis ratio in i-band in the de Vaucouleurs fit. Hereafter, 
the velocity dispersion means cTcorri and its subscript corr 
will be omitted. 

2.2. Classification of Spectral Types 

To determine the spectral types, we use the 
[Nil] /Ha versus [OHIJ/H/3 diagnostic diagram that is 
known as Baldwin-Phillips- Terlevish (BPT) dia gram 
(|Baldwin et aLlHOSlI: lA^lleux fc Osterbrocldll987D . We 
categorize the sample galaxies into three spectral types: 
star-forming, composite, and AGN-host galaxies. As 
shown in Figure [H Kewlev et al.l (J2001I ) drew theo- 
retical "maximum starburst lines" (solid lines) to de- 
fine the upper b o undary of star-forming galaxies, and 
iKaufFmann et al] (|2003aD added an empirical demarca- 
tion line (dashed line) to distinguish pure star-forming 
galaxies from composite galaxies whose spectra are af- 
fected by both star forming nuclei and AGNs. 

We perform spectral classification using two criteria 
of S/N (for Ha, H/3, [NH], and [OHI] emission lines): 
S/N > 3 and S/N > 6. When S/N > 3 is adopted, 
we find that the fractions of star-forming, composite, 
and AGN-host galaxies are 57.1% (4940 galaxies), 22.8% 



(1973 galaxies), and 20.1% (1742 galaxies), respectively. 
On the other hand, in the case of S/N > 6, the sample 
galaxies consist of 60.3% (3600 galaxies) of star-forming, 
23.7% (1411 galaxies) of composite, and 16.0% (957 
galaxies) of AGN-host galaxies. The result of spectral 
classification is summarized in Table [1] As the threshold 
of S/N increases from 3 to 6, the fraction of AGN-host 
galaxies decreases 20.1% to 16.0%. This is because a 
significant fraction of LINERs in the low S/N sample is 
not included in the high S/N sampl e, since LINERs tend 
to dominat e the low S/N sample ()Cid Fernandes et al.l 
l20T(ill20Tl[) . 

3. RESULTS 

To investigate the connection between AGN activity 
and the presence of bars, first, we compare the bar frac- 
tions in AGN-host and non-AGN galaxies in Section 3.1. 
Then, we examine the AGN fraction between barred and 
non-barred galaxies in Section 3.2. Finally, using AGN 
host galaxies, we investigate whether the Eddington ra- 
tio distribution is different depending on the presence of 
bars in Section 3.3. 

3.1. Dependence of Bar Fraction on AGN activity 

Figure [1] shows the distributions of strong-barred 
(panel b) and weak-barred galaxies (panel c) in emission- 
line ratio diagrams ([Nil] /Ha versus [OIIIJ/H/3). Strong- 
barred galaxies are widely distributed over the star- 
forming, composite, and AGN-host galaxy regions, while 
the majority of weak-barred galaxies lie in the star- 
forming galaxy region. Some weak bars are found in the 
composite and AGN-host galaxy region, but the number 
of those galaxies is relatively small. 

We investigate how the bar fraction varies depending 
on the spectral types using two S/N criteria as summa- 
rized in Table [2] In the sample of 8655 galaxies with 
S/N > 3, the fraction of strong-barred galaxies (/sb) 
is 15.6% ± 0.5% in star-forming galaxies, 32.4% ± 1.1% 
in composite galaxies, and 42.6% ± 1.1% in AGN-host 
galaxies. Among 5968 galaxies with S/N > 6, /sb is 
18.3% ± 0.6% in star-forming galaxies, 36.4% ± 1.3% in 
composite galaxies, and 43.8%±1.6% in AGN-host galax- 
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TABLE 2 
Dependence of Bar Fraction on Spectral Types 



(1) S/N^' > 3 


Spectral type 


Total 


SB'' 


/SB {%r 


WB" 


/wB (%) 


SB+WB 


/SB+WB (%) 


Star-forming 
Composite 
AGN-host 


4,940 
1,973 

1,742 


770 
639 

742 


15.6 ±0.5 
32.4 ±1.1 
42.6 ±1.1 


348 
118 
109 


7.0 ±0.4 
6.0 ±0.5 
6.3 ±0.6 


1,118 
757 
851 


22.6 ±0.6 
38.4 ±1.1 
48.9 ±1.2 


(2) S/N > 6 


Spectral type 


'Ibtal 


SB 


/SB (%) 


WB 


/wB (%) 


SB+WB 


/SB-fWB (,%) 


Star-torming 
Composite 
AGN-host 


3,60U 

1,411 
957 


659 
513 
419 


18.3 ±0.6 

36.4 ±1.3 
43.8 ±1.6 


265 
67 
52 


7.4 ±0.4 
4.7 ±0.5 
5.4 ±0.7 


924 
580 

471 


25.7 ±0.7 

41.1 ±1.3 

49.2 ±1.6 



=■ S/N for four emission lines such as Ha, H/3, [Nil] A6584, and [OIII] A5007 

^ Strong-barred galaxies 

'^ The errors of the bar fraction are obtained by calculating the standard deviation in 

1,000-times- repetitive sampling method. 

■^ Weak-barred galaxies 
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Fig. 2. — The fraction of strong-barred galaxies (/sb) in the three BPT diagnostic diagrams: (a) [NII]/Ha versus [OIII]/H/3, (b) 
[SII]/Ha versus [OIII]/H/3, (c) [NII]/Ha versus [OIII]/H/3. Black dots and grey dots represent strong-barred galaxies and non-SB galaxies, 
respectively. Contours represent constant /sb- In panels (b) and (c) we use only 8,508 galaxies with S/Nrsni > 3 and 5,622 galaxies with 
S/N[oi] > 3. 



ies, respectively. In the low S/N case we find that /sb 
is ^^2.5 times higher in AGN-host galaxies than in star- 
forming galaxies. On the other hand, the fraction of 
weak-barred galaxies (/wb) does not vary significantly 
with spectral types, from 6.0% to 7.0%. The result for 
the high S/N case is not different from that for the low 
S/N case. 

Figure [5] presents the change of /sb for the sample of 
galaxies with S/N > 3 in three BPT diagnostic diagrams 
such as (a) [Nil] /Ha versus [OIII] /H/3, (b) [SII]/Ha ver- 
sus [OIII] /H/3, and (c) [01] /Ha versus [OIII] /H/3. In 
panel (b) we use 8508 galaxies with S/N[sii] > 3, while 
only 5622 galaxies with S/N[oi] > 3 are used in panel (c). 
We find a noticeable trend that /sb increases continu- 
ously from the star-forming galaxy region (lower left) to 
the AGN-host galaxy region (upper right) in all diagnos- 
tic diagrams, showing that the presence of bars is more 
frequent in AGN-host galaxies than non-AGN galaxies. 
We check that this trend does not change significantly 
even when we use the high S/N sample. 

In the view of the results we obtained above, it is seen 
that AGN activity is related to the presence of strong 
bars. However, we will see below that these results do 



not directly indicate a connection between the presence 
of strong bars and AGN activity. This is because /sb 
is also a strong function of galaxy properties, i.e., u — r 
color, velocity dispersion (ct) and stellar mass (Mgtar)- In 
Paper I, we found that u — r and a are more infiuential 
parameters in determining the bar fraction. Therefore, 
we need to compare AGN-host and non-AGN galaxies 
with fixed u — r and a in order to separate the effect of 
the two parameters on /sb- 

In Figure [3] we show the dependence of the bar 
fraction on three parameters: u — r, a, and Afgtar- 
Mstai: is anoth er important parameter affecting the bar 
fracti on fe.g.. iSheth et all l2008t iCam eron et al.' "2011 
Mendez-Abreu et all l20Tol: INairfc Abraham. :2010bi) . 
The fraction of strong-barred galaxies increases signif- 
icantly as M — r color becomes redder, and it has a 
maximum value at intermediate velocity dispersion of 
'--^130 km s"^. It has a constant value (~10%) until 
log (M/Mq) — 10.2, but increases with Afgtar thereafter. 
On the other hand, the fraction of weak-barred galaxies 
shows a different dependency on the three parameters. 
It has a peak value at a bluer color of w — r ~ 1.4, and 
becomes larger as a or Mgtar decrease s. This result on 
Mstar is consistent with the result of iNair fc AbrahamI 
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Fig. 3. — (Upper) The number of galaxies as a function of (a) u — r color, (b) velocity dispersion (cr), and (c) stellar mass (Mstar) for 
strong-barred (SB), weak-barred (WB), and non-barred (NB) galaxies. (Lower) The dependence of the bar fraction on (d) u — r, (e) cr, and 
(f) Mstar- Circles and diamonds represent fractions of SB and WB galaxies, respectively. Error bars mean I-ct sampling errors estimated 
by calculating the standard deviation of the bar fraction in 1,000-times-repetitive sampling. 
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Fig. 4. — The fraction of strong-barred galaxies (/sb) in (a) u — 
r versus Mstar diagram and (b) a versus Mstar diagram. Black 
dots and grey dots represent strong-barred galaxies and non-SB 
galaxies, respectively. Contours represent constant strong-barred 
galaxy fractions. 
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Figure |4] shows how /sb varies in the u — r versus 
-^star and in the a versus Mgtar diagrams. It shows that 
Mstar has a strong correlation with both u — r and a. It 
also shows that /sb increases with the three parameters. 
However, at cr > 120 km a~^ it decreases with cr at a 
given Mstar bin. Particularly, contours are neither ver- 
tical nor horizontal, suggesting that /sb depends on the 
three parameters simultaneously. Therefore, we conclude 
that u — r, a, and Mgtar are all important parameters in 
determining the bar fraction. 

Because /sb is strongly correlated with three parame- 
ters, we need to check whether the trend of /sb in Figure 
[2] is originated from the effect of the three parameters on 
/sb ■ To investigate the difference oi u — r and a between 
AGN-host and non-AGN galaxies, we examine how u — r 
and a vary in the [Nil] /Ha versus [OIIIJ/H/3 diagnostic 
diagram as shown in Figure \5\ We use 20 x 20 bins in 
this diagram to measure median values of m — r and a for 
late-type galaxies at each bin. After excluding bins that 
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Fig. 5. — Distribution oi u — r and a for 8,655 late-type galaxies 
in [Nil] /Ha versus [OIII]/H/3 diagnostic diagram. We divide this 
diagram into 20 X 20 bins and measure median values of m — r and 
a for galaxies at each bin. After excluding bins that contain less 
than five galaxies, we display representative symbols with various 
colors and sizes, corresponding to the median values of m — r and 
cr, respectively. 



contain less than five galaxies, we display representative 
symbols with various colors and sizes, corresponding to 
the median values oi u — r and a, respectively. From the 
star-forming galaxy region toward the AGN-host galaxy 
region, it seems obvious that u — r color becomes redder. 
At the same time, a increases along the same direction. 
The median values of w-r are 1.77±0.01, 2.20±0.01 and 
2.59 ±0.01, respectively for star-forming, composite, and 
AGN-host galaxies. In the case of a, the median values 
for star-forming, composite, and AGN-host galaxies are 
66.2±0.5, 95.1±0.7, and 118.3±0.9 km s-\ respectively. 
Considering the dependence of /sb on u — r and a, it is 
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Fig. 6. — The dependence of the fraction of strong-barred galaxies (/sb) on spectral types for late-type galaxies with fixed ranges of (a) 
u — r (A(u — r) = 0.3) and velocity dispersion (Act = 40 km s~^). (b) Same as (a), but x-axis is log (Mstar/MQ) instead of cr. Stars, 
diamonds, and circles with error bars represent /sb for star-forming, composite, and AGN-host galaxies, respectively. 



clear that the trend shown in Figure [2] is caused by the 
fact that /sb increases with u — r and a (or Mgtar)- 

To remove the effect of m — r, cr, and Mgtar, we investi- 
gate the bar fraction in AGN-host and non-AGN galax- 
ies at fixed u — r and a (or Mgtar), as shown in Figure 
[6l First, we divide our sample into 17 bins with fixed 
u ~ r and a ranges. Note that each bin contains more 
than fifty galaxies. Then we measure /sb of each spectral 
type in each bin. An obvious excess of /sb in AGN-host 
galaxies is found only in one bin with u — r = 2.1 — 2.4 
and cr = 40 — 80 km s~^. In contrast, at all other u — r 
and a bins, /sb of AGN-host galaxies is similar to that of 
star-forming galaxies. Second, we perform similar anal- 
ysis at fixed u — r and Mgtar ranges. We do not found 
any clear or significant excess of /sb in AGN-host galax- 
ies in all bins. These results clearly demonstrate that 
the /sb excess in AGN-host galaxies shown in Figure [2] 
is caused by the fact that on average AGN-host galaxies 
are redder and and more massive than non-AGN galax- 
ies. These results suggest that the bar fraction do not 
depend on AGN activity. 

3.2. Dependence of AGN Fraction on Bar Presence 

In this section we investigate how AGN fraction 
changes depending on the presence of bars. Among 
non-barred or weak-barred galaxies, the fraction of star- 
forming galaxies (> 60%) is much larger than that of 
AGN-host galaxies (< 20%) while composite galaxies oc- 
cupy ^-^20%. In contrast, the AGN fraction increases by 
a factor of two when galaxies have strong bars. For ex- 
ample, among galaxies with S/N > 3 (S/N > 6), the 
AGN fraction is 34.5% (26.3%). AGN fractions in strong- 
barred, weak-barred, and non-barred galaxy samples are 
summarized in Table [3] 

To demonstrate the dependence on galaxy properties, 
we present AGN fraction of barred (combining strong 
and weak bars) and non-barred galaxies, as a function of 
u — r, a, and Mgtar in Figure [71 In both barred and non- 
barred galaxy samples, the AGN fraction increases with 
redder color, higher a or larger Mgtar while the fraction of 
star-forming galaxies shows an opposite trend. At fixed 
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Fig. 7. — The fraction of AGN-host (circles), composite (trian- 
gles), and star-forming galaxies (diamonds) as a function of u ~ r 
(top), (T (middle), and A/star (bottom). Solid lines and dashed 
lines represent barred (strong and weak-barred) and non-barred 
galaxies, respectively. Error bars mean 1-cr sampling errors. 

a or Afstar, AGN fraction is significantly higher in barred 
galaxies than in non-barred galaxies. At fixed u~r color, 
however, the excess of AGN fraction in barred galaxies is 
marginal. These results do not significantly change even 
if we exclude weak bars from the barred galaxy sam- 
ple. The results presented in Figure [7] are similar to the 
finding of lOh et al.l ()2012l see their Figure 8), which ap- 
peared in the literature during the review process of our 
manuscript. We note that the sample size in this study is 
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TABLE 3 

Spectral Classification in Different Bar Types 



(1) S/N^' > 3 




NB" 




SB'^ 




WB^ 




Spectral type 


Number 


traction 


Number 


traction 


Number 


traction 


Star-forming 
Composite 
AGN-host 


3,822 

1,216 

891 


64.5% 
20.5% 
15.0% 


770 
639 

742 


35.8% 
29.7% 
34.5% 


348 
118 
109 


60.5% 
20.5% 
19.0% 


'i'otal 


5,929 


100.0% 


2,151 


100.0% 


575 


100.0% 


(2) S/N > 6 




MB 




SB 




WB 




Spectral type 


Number 


fraction 


Number 


fraction 


Number 


traction 


Star-torming 
Composite 
AGN-host 


2,676 
831 
486 


67.0% 
20.8% 
12.2% 


659 
513 
419 


41.4% 
32.2% 
26.3% 


265 
67 
52 


69.0% 
17.4% 
13.5% 


'i'otal 


3,993 


100.0% 


1,591 


100.0% 


384 


100.0% 



"^ S/N for four emission lines such as Ha, H^, [Nil] A6584, and [OIII] A5007 
^ Non-barred galaxies 
■^ Strong-barred galaxies 
'Weak-barred galaxies 
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Fig. 8. — The dependence of the AGN fraction (/agn) on the presence of bars at fixed ranges of (a) u — r and cr and (b) u — r and Mstar. 
Diamonds and circles represent /agn for barred (strong and weak-barred) and non-barred galaxies, respectively. Error bars represent 1-cr 
sampling errors. 



much larger than that in Oh et ah (8655 galaxies versus 
3934 galaxies), and that we classify composite galaxies 
separately instead of including them in the AGN sam- 
ple. 

The results in Figures El 01 and [7] sho'w that both bar 
fraction and AGN fr-action increase as galaxy color be- 
comes redder. This leads naturally to an expectation 
that AGN and bars may be related. Ho'wever, this does 
not necessarily mean that both are related. We need to 
investigate whether AGN is directly connected to bars or 
not. 

For this we investigate whether AGN fraction is dif- 
ferent between barred and non-barred galaxies in multi- 
dimensional spaces as shown in Figure |H1 When we com- 
pare galaxies at fixed ranges of m — r and a (or Mgtar), 
the excess of AGN fraction in barred galaxies disappears 
or weakens. Within the sampling errors, there is no sig- 
nificant difference of AGN fraction between barred and 
non-barred galaxies. These results are dramatically dif- 
ferent from those in Figure [7] due to the fact that AGN 
fraction is dependent of color and a (or Mstar)- Figure JH 



shows that u — r has a large dispersion even when Mgtar 
is fixed. Similarly large color dispersion is also seen when 
a is fixed (see Figure 9 in Paper I). Therefore an excess 
of the AGN fraction in barred galaxies shown in Figure 
[7] is an "apparent" trend, which is caused by the residual 
dependence on u — r color in a (or Mgtar) bins. Thus, in 
order to remove the effect of u — r and a (or Mgtar), AGN 
fraction has to be compared using galaxies at fixed u — r 
AND a (or Mgtar)- We find no significant dependence of 
AGN fraction on the presence of bars, suggesting that 
AGN activity is not dominated by bars. 

3.3. Comparison of Eddington Ratio between Barred 
and Non-barred AGN-host Galaxies 

If AGN activity is triggered by bars, barred galaxies 
may have higher accretion rates than non-barred galax- 
ies. We exclusively use AGN-host galaxies to examine 
whether there is any difference in AGN power between 
barred and non-barred galaxies. 

We use the [QUI] luminosity (i^oiii]) as a proxy for the 
bolometric luminosity and infer black hole mass (Mbh) 
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Fig. 9. — Eddington ratio as a function of (left) u — r, (middle) a, and (right) A/star for 1,647 (upper, S/N > 3) and 893 (lower, 
S/N > 6) late-type AGN-host galaxies with ct > 70 km s~-^. Solid lines, long-dashed lines, and short-dashed lines represent median curves 
of Eddington ratio for strong-barred (SB), weak-barred (WB), and non-barred (NB) AGN-host galaxies, respectively. The size of bins 
corresponds to 1/7 of x-axis of each panel, and only when bins contain more than five galaxies median values of Eddington ratio are drawn. 
Error bars are calculated using 1,000-times resampling method. Error bars for strong-barred and weak- barred galaxies are slightly shifted 
respect to ones of non-barred galaxies in order to avoid overlap each other. 
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Fig. 10. — Eddington ratio versus u — r for late-type AGN-host 
galaxies with (upper) S/N > 3, (lower) S/N > 6, (left) 70 km 
s-l < o- < 120 km s-i, and (right) 120 km s"^ < a < 170 km s~^. 
Solid lines, long-dashed lines, and short-dashed lines represent me- 
dian curves of Eddington ratio for strong-barred (SB), weak-barred 
(WB), and non-barred (NB) galaxies, respectively. The size of bins 
corresponds to 1/7 of x-axis of each panel, and only when bins 
contain more than five galaxies median values of Eddington ratio 
are drawn. Error bars are calculated using 1,000-times resampling 
method. Error bars for strong-barred and weak-barred galaxies are 
slightly shifted respect to ones of non-barred galaxies in order to 
avoid overlap each other. 



from a using Eq. (2) as described below. Thus, iroiii] 
to Mbh ratio can be used as an approximate Edding- 
ton ratio indicator. We adopt a reddening c urve of 
Ry = Av/E{B -V)= 3.1 (ICardelli et al.l[l989l) and an 
intrinsic Balmer decrement of Ha/H/3 = 3.1 for AGN- 



host galaxies ([Osterbrock fc Ferla nd"2006') to correct for 
internal dust extinction. To estimate A/bh, we adopt 
a Mrh — g relat i on for late-type galaxies suggested by 
IMcConnell eTall (poTTh : 

log (Mbh/Mq) = 7.97 + 4.58 x log (cr/200km s'^). (2) 

We exclude galaxies with velocity dispersion values 
lower than the instrumental resolution of the SDSS spec- 
tra (ct < 70 km s~^) sin ce these measurements are not re- 
liable (iChoi et al.l l2009') . In the following analysis we use 
two samples: 1647 AGN-host galaxies with S/N > 3 and 
893 ones with S/N > 6. The low S/N sample contains 
718 strong-barred, 97 weak-barred, and 832 non-barred 
galaxies. On the other hand, the high S/N sample con- 
sists of 407 strong-barred, 46 weak-barred, and 440 non- 
barred galaxies. The black hole mass of AGN-host galax- 
ies spans 5.9 < log {Mbh/Mq)< 8.3, while i[oiii]/-^BH 
ranges over four order of magnitude, 10~^ — 10^ Lq/Mq. 

In Figure IH] we present the Eddington ratio indicator 
(hereafter Eddington ratio) distributions as a function of 
u — r, a, and Afgtar, respectively, for strong-barred, weak- 
barred, and non-barred galaxies. The AGN power (i.e., 
Eddington ratio) a ppears to decr e ase wi th Afgtar (or a) as 
previously seen bv lHwang et alj ()2012D . This trend can 
be interpreted as "Eddington incompleteness" , which re- 
flects the observational selection effect that for given flux 
(or luminosity limits) lower Eddington ratio AGNs can 
be detected at higher mass scales. Since at a fixed Ed- 
dington ratio it is harder to detect [OIII] lines for lower 
mass black holes, the Eddington ratios can be distributed 
down to a much lower values for higher mass black holes 
and galaxies as shown in Figure [9] In addition, we find 
that the AGN power is correlated with u — r oi galax- 
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ies. Blue AGN-host galaxies show significantly higher 
Eddington ratio than red AGN-host galaxies, implying 
that gas-rich systems generally have higher Eddington 
ratio than gas-poor systems. However, we note that this 
correlation can be also caused by the Eddington incom- 
pleteness since bluer color galaxies have on average lower 
galaxy (hence black hole) mass. 

Nevertheless, we can compare the distributions of the 
Eddington ratio among strong-barred, weak-barred, and 
non-barred galaxies. We measure median values of log 
(-^[oiii]/-^^bh) as a function of u — r, cr, and Mstm- for 
each bar class. In panel (a) and (d), it is shown that me- 
dian curves for strong-barred and weak-barred galaxies 
lie slightly above those for non-barred galaxies, although 
the differences between barred and non-barred galax- 
ies are not significant and the median Eddington ratios 
are consistent within the error. In other panels there is 
no difference between barred and non-barred AGN-host 
galaxies over the whole ranges of a and Mgtar- 

To avoid the effect of Eddington incompleteness, we 
plot the Eddington ratio versus u—r diagram at two fixed 
a ranges in Figure 1101 The anti-correlation between the 
Eddington ratio and u — r is still present for both 70 km 
s^i < cr < 120 km s"^ and 120 km s'^ < cr < 170 km 
s~^ ranges, indicating that AGN powe r is correlat e d with 
the amount of cold gas in galaxies. iChoi et all (|2OO90 
also found a similar result among late-type AGN-host 
galaxies with 7 < log Mbh/Mq < 8. We note that the 
contributions to the [QUI] lines from star formation can 
systematically increase the Lromi/AfBH ratio in bluer 
galaxies. Thus, further analysis is required to explore 
the connection between the presence of gas in large scales 
and the Eddington ratio. 

When we compare the Eddington ratio distributions of 
barred and non-barred galaxies in Figure [TUl the median 
values of the Eddington ratio are not significantly differ- 
ent, implying that AGN power is not strongly affected by 
the presence of bars. Considering the scatter in each bin, 
and the uncertainty and systematic errors in estimating 
black hole masses from the Mbh — cr relation, we con- 
clude that there is no strong difference of the Eddington 
ratios between barred and non-barred galaxies. 

4. DISCUSSION 

4.1. Do AGNs Favor Barred Galaxies? 

Over the last three decades, bars have been invoked 
as a mechanism for fueling SMBHs. Although some 
studies claimed th at AGNs are niqre frequently found 
in barred galaxies ()Arsenaultlll989t pKnapen et al.ll2000l : 
iLaine et"al] |2002[ ). no excess of bars in AGN-host 
galaxies has b een reported by m a ny other statis 
tical s tudies (I Moles et all 119951 : iMcLeod fc Rieb 
19951: IMulchaev fc R.eganl IToOtT IHo et all 1199 



Laurikainen et alj 120041: iHao et alj I2009D . This dis 



crepancy was at least in part caused by the small sample 
size, selection effect, and contamination owing to the 
correlation between bars and other galaxy properties, 
i.e., color and stellar mass. 

In this study we find that the fraction of strong bars 
is ^2.5 times higher in AGN-host galaxies than in non- 
AGN galax ies. This result i s clearly different from the 
findings by IHao et all ()2009D , who claimed no excess of 
bar fraction in AGN-host galaxies based on a sample of 



1,144 SDSS disk galaxies with -18.5 > Mg > -22.0 
at 0.01 < z < 0.03. The discrepancy is due to the 
combination of two effe cts. First, by using a color cut 
(jBeh et al. 2004; Bara zza et al.l 120081 ) in selecting disk 
galaxies, IHao et al.l p009l ) inevitably excluded red disk 
galaxies, leading to a much lower AGN fraction in their 
sample (11.1%) than that in our sample (17.0%). Second, 
they used the ellipse fitting method to identify bars. In 
general the bar fra ction based on the el lipse fitting (e.g., 
'--^50% in r-band: iBarazza et al.l 120081 ) is much higher 
than t hat obtained by visual inspe ction (e.g., ~33% in B- 
band: Ide Vaucouleurs et al. 1991. 26%±0.5% in g-Kr-^i 



color images: Nair fc Ab raham 2 010ai 29.4%±0.5%from 
Galaxy Zoo: [Masters et al. 2010, 30.4%: Paper I, 36%: 
lOh et al.ll2012[ ). Thus, the combined effects of differences 
in sample selection and the classification method between 
Hao et al. and ours result in different findings. 

We also find that the AGN fraction is twice higher 
in strong-barred galaxies than in non -barred galaxies 
as previous st udies similarly re ported (l Arsenaultl 119891 : 
iKnapen et alll2000l: iLaine et al.| [2002'). As shown in Fig- 
ure [71 the higher AGN fraction in barred systems is 
present over a large ranges of Mstar- This result is con- 
sistent with those o f recent studies (jCoelho fc Gadottl 
[20llt[Ob"eraII[20T2l) . 

However, the excess of the bar fraction in AGN-host 
galaxies and the excess of the AGN fraction in barred 
galaxies do not indicate that the presence of bars and 
AGN activity are directly connected since the excess of 
the bar fraction in AGN-host galaxies and the excess of 
the AGN fraction in barred galaxies disappear when we 
compare galaxies with the same u — r and a (or Mstar) 
(see Figure [6] and Figure |8]). Thus, we conclude that 
AGN activity is not dominated by the presence of bars. 

Comparing the Eddington ratios among AGN-host 
galaxies, we find no significant difference between barred 
and non-barred galaxies at fixed u — r, a and Mgtar bins 
(see Figure IH]), indicating that AGN power is not en- 
hanced by the presence of bars. 

Among AGN host galaxies with 2.0 < u — r < 2.5, the 
Eddington ratios are marginally higher in strong-barred 
galaxies than in non-barred galaxies (see Figure flQ]) . pos- 
sibly implying that strong bars can boost AGN activity 
when their host galaxies lie in green valley. However, 
the number of AGN-host galaxies in our sample is not 
enough to draw a clear conclusion. 

4.2. Dependence on the Mbh — cr Relation 

Since we estimate black hole masses from stellar veloc- 
ity dispersion utilizing the Mbh — <^ relation, the derived 
Eddington ratios depend on the slope and intercept of 
the A'/bh — <^ relation. Thus, it is necessary to inves- 
tigate whether the Eddington ratio difference between 
barred and non-barred galaxies depends on the adopted 
Mbh — cr relation. 

Over the last decade, empirical scaling relations 
between Mbh and a have been improved as the 
number of galaxies with Mrh measurements in- 



creased 
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ing two new Mbh measurements with the literature 
data publi shed b efore August 2011, a recent study by 
.McConnell et al.l (|2011,1 provided two Mbh — cr rela- 
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Fig. 11. — Comparison of Eddington ratio as a function of Afstar between strong-barred (SB), weak-barred (WB), and non-barred (NB) 
AGN-host galaxies with (upper) S/N > 3, (lower) S/N > 6, when adopting A/bh ^ "" relations given by (left) Giiltekin et al. (2009b): 
(a, 13) = (7.67,1.08) fo r barred and (8 . 19,4.2 1) for non-barred, (middle) iGraham fc Lii (i2009i ): (8.03,3.94) for barred and (8.15,3.89) for 
non-barred, and (right) [Graham et al.l II2011I ): (7.80,4.34) for barred and (8.25,4.57) for non-barred galaxies, respectively. 



tions; log (Mbh/Mq) = a + /3 log (cr/200kni s^^) with 
(a, /3) = (8.38 ± 0.06, 4.53 ± 0.40) for elliptical/SO galax- 
ies and (7.97 ± 0.22,4.58 ± 1.25) for spiral galaxies. In 
this study we adopt the second equation for estimating 
Mbh since our sample is composed of late-type galaxies. 

A few studies separately derived Mb h — cr relations 
for ba rr ed and non-barred galaxies (Giiltekin et al." 
I2009bt IGraham fc O [2009: G raham et al. 2011). 
For example, iGiiltekin et al.l ()2009bf ) reported 
(a,/3) = (8.19 ± 0.087,4.21 ± 0.446) for non-barred 
and (7.67 ±0. 1 15, 1.0 8 ±0.751) for barred galaxies while 
IGraham fc L1 (l2009l) derived (8.15 ± 0.05,3.89 ± 0.18) 
for non-barred galaxies, and (8.03 ± 0.05, 3.94 ± 0.19) for 
the combined s ample of barred and non-barred galaxies. 
IGraham et al.l ()201lD reported steeper Mbh — o" relations 
with (8.25 ± 0.06,4.57 ± 0.35) for non-barred galaxies 
and (7.80 ± 0.10, 4.34 ± 0.56) for barred galaxies. 

To demonstrate the dependence of Eddington ratios 
on the adopted Mbh ~ f relation, we compare in Fig- 
ure [TT] Eddington ratios between barred and non-barred 
galaxies using three different pairs of Mbh — f relations 
mentioned above. W hen the Mbh — f relations from 
IGiiltekin et al.l ()2009bD are used, barred and non-barred 
galaxies show no significant difference in Eddington ra- 
tios as similarly shown in Figure [SI In contrast, Ed- 
dington ratios tend to be higher in barred galaxies than 
in non-bar red galaxies when th e Mbh — cr relations are 
taken from IGraham fc Lil ()2009D . The enhanced Edding- 
ton ratios i n barred galax i es is particularly noticeable 
when using IGraham et al.l ()2011l) 's A^bh — o" relations, 
since M in barred galaxies are significantly reduced due 
to the lower intercept of the Mbh ~ cr relation. 

If we adopt different Mbh ~ f relations respectively for 



barred and non-barre d galaxies , AGN power appears to 
be enhanced by bars. lOh et al.l (12 012) used the Mbh — cr 
relations taken from IGraham fc Li (2009 ). and they ar- 
gued that AGN strength is enhanced by the presence 
bars. However, there are several limitations in adopting 
two different relations for barred and non-barred. First, 
the A/bh — cr relation of barred galaxies is not well de- 
fined since the relation has been derive d with a small 
number of barred galaxies. For example, IGiiltekin et al.l 
()2009bD used only 8 measurement s (and 11 upper limits 
of Mbh) of barred galaxies while IGraham et al.l ()201lD 
also used only 20 barred galaxies. Second, the Mbh — cr 
relation of non-barred galaxies are biased to early-type 
galaxies since early-type galaxies are dominant in the 
sample. Third, dynamical mass measurements of black 
holes in barred galaxies are much more uncertain since 
no st ellar dynamical m odel truly accounts for stellar bars 
(Giil tekin et al.l[2009al ). Therefore, we decide to use only 
one Mbh — c relation for late-type galaxies as given in 
McConnell et al.l (|2011| ). in order to avoid any systematic 
uncertainties of the Mbh — cr relations between barred 
and non-barred galaxies. It is necessary to investigate 
whether barred galaxies have higher Eddington ratios 
than non-barred galaxies when more robust Mbh — cr 
relations of barred and non-barred late-type galaxies be- 
come available in the future. 

4.3. What Triggers AGNs? 

Based on the statistical analysis using a large sample 
of ^-^9000 late-type galaxies, we find that AGN activity 
is not dominated by the presence of bars. Then, what 
triggers AGNs? 

Several numerical simulations suggested that interac- 
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tions and mergers b etween g a laxies are main t r iggers 
for AGN activity (iNoguchil [l987t iHerngms^ 119891: 



Barries fc H erngui sti ll992l 11991 



19961 iDi M atteo et alJ 120051: 



. iMihos fc Hernguisti 
Hopkins et alJ 120061 : 



Debuhr et al.ll201l] ). This scenario is supported by sev- 



eral o bservational studies. For example, Sanders et alJ 
(|1988') showed that uhra-luminous infrared galax- 
ies (ULIRG) and quasars are formed through the 
strong interac t ion o r merger between gas-rich spirals. 
iBahcall et al.l ()1997l ) found that twenty nearby lumi- 
nous quasars (z < 0.3) in their sample have galaxy 
companions that are closer than 25 kpc. In the 
case of lower luminosity AGNs, i.e., Seyfert galaxies, 
minor mergers between gas rich galaxies and with 
their satellite galaxies are proposed as a mechanism 
for t riggering AGN activity (e.g., iDe Robertis et all 
11998^. However, s ome ob servational studies s howed 
conflicting results. iFuentes- Williams fc Stockd ()1988l ) 
found a marginal evidence that Seyfert galaxies interact 
with their companions that have comparable sizes. In 
addition, by investigating the environmental dependence 
of AG N fraction using the SDSS sample, iMiller et al.l 
(|2003| ) claimed that the fraction of AGN- host galaxies 
is independent on enviroiiment (see als o, iCoziol et al.l 
[19981 IShimada et al.l[2000t ISchmitd l200l. 

Recentlv. [Martinez et al.l (|2010r reported that AGN- 
host galaxies (45%) are more frequent than composite 
(23%) or star-forming galaxies (32%) in the Hickson 
compact group environ ment where ga l axy-ga laxy inter- 
actions occur violently. iHwang et al.l (j2012| ) and Choi 
et al. (in prep.) also found, using the SDSS data, that 
the AGN fraction increases as the distance to a near- 
est late-type neighbor galaxy decreases in both cluster 
and field environments, and concluded that AGN activ- 
ity can be triggered through mergers and interactions 
between gal axies when gas supply for AGN is available. 
In contrast, Ida Silva et al.l ()201lD claimed that merging 
galaxies with signatures of recent starburst, found in the 
green valley, had no detectable AGN activity. Although 
it is theoretically clear that mergers and interactions be- 
tween galaxies can provide advantages for AGN activity 
by reducing angular momentum of interstellar medium 
and by generating gas inflows to the center of galaxies, 
observational studies do not clearly show the connection 
between galaxy interaction and AGN activity. 

Additional mechanisms are expected to occur 
at subkiloparsec scales in order to influence the 
central black hole directly. Secondary bars resid- 
ing in the nuclear region, which are often called 
as nested bars, nuclear bars or inner bars, have 
been a strong candidate. Some observational works 
JShaw et al. 



1995; 



_ 1995; 

1996; Mulchacv & Regan 1997; Jungwi ert et al.l 
Greusard et al.. .2000; .Emsellem et all I2001L 




Laurikainen et al.l I2007D found secondary bars in 



the central region of galaxies. These secondary 
bars a re predicted by the "bars within bars" sce- 
nario (jShlosman et al.l Il989| ). The dynamical and 
kinematical properties of secondary bars are investi- 
gated by simulations ([En glmaicr fc Shlosman 2004; 



Macieiew ski fc Athanassoula ,2008, : ,Shen fc Debattista 



2009, 20 lT|) and by observa. ti ons (iGarcia-Burillo et al 
1998t iSchinnerer et al.l l2006t Ide Lorenzo-Caceres et al 
2008[) . Similarly, nuclear dust spirals are invoked as 



a means to transport material from kiloparsec scales 
down to sub-kpc scales. High resolution images from 
HST provided aldose look at dusty structures in 



nuclea r regions ([ Malkan ct all [ 9981 iRegan fc Mulchaevl 
1999; Martini & Poggc 199a iPogge fc Martini! [200^ 



Martini et al. (2003 ) classified nuclear spirals into 
several morphological types: grand-design, tightly 
wound, loosely woun d, chaot ic nuclear spirals. Recently, 
iHopkins fc Quataertl ()2010[ ) showed that gas struc- 
tures formed by gravitational instabilities at several 
parsec scale have diverse morphologies: spirals, rings, 
clumps and also bars. So, they propos ed "stuff within 
stuff" model that is a revised version of iShlosman et akl 
(|1989D 's model. However, there is another argument that 
the presence of nuclear spirals is not also directly con- 
nected with current AGN activity, because the frequency 
of nuclear spirals in AGN-host g alaxies is comparabl e 
with that in non-AGN galaxies (jMartini et al.ll2003t ). 



Thus, further studies are needed to investigate any 
relation between nuclear spirals (or secondary bars) and 
activity in galactic nuclei. 

5. SUMMARY AND CONCLUSIONS 

We investigate the relation between the presence of 
bars and AGN activity, using a sample of 8655 late-type 
galaxies with h/a > 0.6 and Mr < -19.5 at 0.02 < 
z < 0.05489, selected from the SDSS DR7. We divide 
these galaxies into three spectral types: star-forming, 
composite, and AGN-host galaxies, and classified them 
into barred (storng fc weak) and non-barred galaxies by 
visual inspection. We summarize our main findings as 
follows. 

1. The strong bar fraction is ^2.5 times higher in 
AGN-host galaxies than in star-forming galaxies. How- 
ever, the excess of /sb is caused by the fact that AGN- 
host galaxies have on average redder u — r color and 
higher a than non-AGN galaxies since /sb is higher for 
redder and more massive (higher a) galaxies. The excess 
of /sb in AGN-host galaxies disappears when galaxies 
with the same u — r and a (or Mgtar) are compared, in- 
dicating that /sb do not depend on AGN activity. 

2. Strong-barred galaxies have higher AGN fraction 
than weak-barred or non-barred galaxies. However, we 
find no difference of the AGN fraction between barred 
and non-barred galaxies, when we compare galaxies with 
the same u — r color and a (or Mgtar), indicating that 
AGN activity is not dominated by the presence of bars. 

3. Among AGN-host galaxies, barred and non-barred 
systems show similar Eddington ratio distributions as a 
function of u — r, a^ and Mgtar, implying that AGN power 
is not enhanced by bars. 

In conclusion we do not find any evidence that bars 
trigger AGN activity. Thus we argue that there is no 
direct connection between AGN activity and the presence 
of bars. 
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